ABSTRACT
INTRODUCTION
Proteomics, the analysis of the entire protein complement expressed by a genome, has recently benefited from substantial technological advances (Nilsson et al., 2010) . Among the numerous approaches to interrogate proteomes, a popular technique is the quantitation of samples using isobaric tags. Nevertheless, high-throughput proteomics lags behind genomics, genetics or transcriptomics in terms of reproducible data analysis and development of analytical stategies. One of the challenges within proteomics is the availability of open, extensible and efficient data mining and statistical assessment environments (Lilley et al., 2011) .
Here, we introduce the MSnbase package, part of the Bioconductor project (Gentleman et al., 2004) . MSnbase extends Bioconductor with tools and data structures to import raw tandem mass spectrometry (MS2) data, perform exploratory data analysis and quantification of isobaric reporter tags. The infrastructure is compatible with existing Bioconductor core packages, incorporating available features and allowing direct utilization of additional functionality. * To whom correspondence should be addressed.
AVAILABLE FUNCTIONALITY

Data structures
MSnbase provides computational data structures to allow representation of mass spectrometry data types including, individual mass spectra, full experiments, quantification data and information pertaining to isobaric tags. Data structures for commercially available reagents like iTRAQ (Ross et al., 2004) or TMT (Thompson et al., 2003) tags are included in the package, although any arbitrary set of peaks can be defined.
MSnbase also supports storage and direct access to the description of individual features (mass spectra, peptides or proteins), samples and analysis workflows as well as MIAPE (Taylor et al., 2007) compliant information. Metadata associated with an experiment and the transformations it has undergone are accounted for and inherited along the analysis pipeline.
Data processing and visualization
A typical workflow starts by loading profile-mode or centroided data in an open XML-based standard format or mgf peak lists. Alternatively, quantitative data stored in spreadsheet files can also be imported into the MSnbase framework for post-processing and statistical analysis. Several methods geared towards quality control are available within MSnbase. The availability of easily accessible structured data combined with R data analysis and plotting facilities allows extensive exploratory data analysis to obtain a precise overview of the data and to perform experiment-specific quality control.
MSnbase enables visualization of individual or sets of spectra of particular interest, optionally highlighting the reporter ions (see left panel on Fig. 1 for an example) to facilitate assessment by proteomics scientists. Pre-processing of individual spectra, including removal of low intensity peaks and experiment-wide filtering to remove low-quality spectra or extract specific spectra of interest into new sub-experiments, is easily accomplished. Specific spectra regions can be retrieved to focus on mass to charge (m/z) regions, e.g. the reporter ions m/z range, while preserving both data structure and metadata.
Quantitation
MSnbase focuses on MS2 level quantitation using isobaric repoter tags. Whole experiments or individual spectra can be quantified using the quantify method upon specifying the isobaric reporter ion tags. Quantitation is performed, among others, by calculating the area under the curve (for profile mode data) or the maximum peak intensity (for centroided data).
Data post-processing
Due to isotopic contamination in tags, reporter ion peaks will contribute to those of neighbouring reporter ions. Purity correction of such overlap can be performed with the purityCorrect method, providing relative reporter percentages available from the tag manufacturers. After quantitation, individual spectra can be amalgamated using the combineFeatures method. Structures defining which features to combine (for example based on precursor m/z, peptides or proteins) can be extracted directly from the feature metadata. Lastly, a summarization function that describes how to combine feature intensities may be selected from a list of possible options (mean, median, weighted mean, sum or median polish) or, a user defined alternative.
Normalization of expression data is performed using the normalize method, and accommodates several well-known normalization algorithms such as quantile normalization (Bolstad et al., 2003) (applied in the right panel of Fig. 1 ) or variance stabilization normalization (Huber et al., 2002; Karp et al., 2010) .
We illustrate the above functionality on a real, publicly available dataset as a Supplementary File. Data processing, from import to post-processing took about 20 min on a standard laptop.
CONCLUSION
This note introduces the Bioconductor MSnbase package for the analysis of quantitative proteomics experiments that use isobaric tagging. The package provides the necessary environment for convenient data manipulation, processing, visualization and quantification, from which users and programmers can build and develop coherent and reproducible analysis pipelines. Compatibility with pre-existing infrastructure takes advantage of available normalization algorithms and facilitates application of statistical analysis methods provided by other Bioconductor packages. In future, MSnbase will be further developed to define standard data processing pipelines, facilitate the inclusion of peptide identification data and allow label-free quantitation. Support is provided on the Bioconductor help mailing list.
